Sheet2 in Cache Solution 


8.1)) In less than one page, describe four everyday activities that exhibit 
temporal or spatial locality. List two activities for each type of locality, and be 
Specific. 

Temporal locality: (1) making phone calls (if you called someone recently, You're likely to call 
them again soon). (2) Using a textbook (if you used a textbook recently, you will likely use it 
again soon). 

Spatial locality: (1) reading a magazine (if you looked at one page of the magazine, you're 
likely to look at next page soon). (2) Walking to locations on campus - if a student is visiting a 
professor in the engineering department, she or he is likely to visit another professor in the 
engineering department soon. 


8.3)) Come up with a sequence of addresses for which a direct mapped cache 
with a size (capacity) of 16 words and block size of 4 words outperforms a fully 
associative cache with least recently used (LRU) replacement that has the same 
capacity and block size. 

Repeat data accesses to the following addresses: 

0x0 0x10 0x20 0x30 0x40 

The miss rate for the fully associative cache is: 100%. Miss rate for direct mapped cache is 2/5 
= 40%. 


8.5)) Describe the trade-offs of increasing each of the following cache 
parameters while keeping the others the same: 

(a) Block size 

(b) Associativity 

(c) Cache size 

(a) Increasing block size will increase the cache's ability to take advantage of spatial locality 
This will reduce the miss rate for applications with spatial locality. 

However, it also decreases the number of locations to map an address, possibly increasing 
conflict misses. Also, the miss penalty (the amount of time it takes to fetch the cache block 
from memory) increases. 


(b) Increasing the associativity increases the amount of necessary hardware but in most 
cases decreases the miss rate. Associativities above 8 usually show only incremental 
decreases in miss rate. 

(c) Increasing the cache size will decrease capacity misses and could decrease conflict misses. 
It could also, however, increase access time. 


8.7)) Each of the following statements pertains to the miss rate of caches. 

Mark each statement as true or false. Briefly explain your reasoning; present a 
counterexample if the statement is false. 

(a) A two-way set associative cache always has a lower miss rate than a direct 
mapped cache with the same block size and total capacity. 

(b) A 16-KB direct mapped cache always has a lower miss rate than an 8-KB 
direct mapped cache with the same block size. 

(c) An instruction cache with a 32-byte block size usually has a lower miss rate 
than an instruction cache with an 8-byte block size, given the same degree of 
associativity and total capacity. 

(a) False. 

Counterexample: A 2-word cache with block size of 1 and access pattern: 

0 4 8 has a 50% miss rate with a direct-mapped cache, and al00% miss rate with a 2-way set 
associative cache. 

(b) True. 

The 16KB cache is a superset of the 8KB cache. (Note: it's possible that they have the same 
miss rate.) 

(c) Usually true. 

Instruction memory accesses display great spatial locality, so a large block size reduces the 
miss rate. 


8.8)) A cache has the following parameters: b, block size given in numbers of 
words; S, number of sets; N, number of ways; and A, number of address bits. 

(a) In terms of the parameters described, what is the cache capacity, C? 

(b) In terms of the parameters described, what is the total number of bits 
required to store the tags? 

(c) What are S and N for a fully associative cache of capacity C words with block 
size b? 

(d) What is S for a direct mapped cache of size C words and block size b? 


(a) Capacity = C = S*N*b 


(b) Total number of bits required to store the tags = A-log2b-log2(S) 

(c) For fully associative cache S = 1 and N = C/b 

(d) For direct mapped cache S = C/b 


